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The adw4 subtype of hepatitis B virus (HBV) belongs to a unique genomic group (genotype F) representing
the original HBV strains from the New World. Data regarding the prevalence of this subtype among HBV
carriers in South America are, however, scarce, and those concerning HBV genotype F are based on only a few
samples from Latin America. In this study, serum samples were obtained from 141 hepatitis B surface antigen
(HBsAg) carriers from Amerindians and urban populations from Venezuela. The HBsAg subtype was identified
with monoclonal antibodies in 105 samples, and the HBV genotype was identified by reverse-phase hybridiza-
tion with DNA fragments in 58 samples. The adw4 subtype was highly prevalent in the population studied
(75%); among the Amerindians, the prevalence was 97%. The adw2 subtype was also present (10%), while other
subtypes (ayw3 and ayw4) were only occasionally found. The HBV subtype was associated with the expected
genotype in most cases (80%), and thus genotype F was highly prevalent. Sequencing of viral strains that gave
genotypes unpredicted by the HBsAg subtyping confirmed seven of them as belonging to not previously
described genotype-subtype associations: namely, adw2 and ayw4 within genotype F.

Hepatitis B virus (HBV) strains isolated worldwide have
been classified into six genomic groups deduced from genome
comparisons and indicated as HBV genotypes A to F (10, 17).
Nine serological groups, called hepatitis B surface antigen
(HBsAg) subtypes, have also been defined based on discrimi-
nating sera and have been designated adw2, adw4, adr, adrq2,
ayw1, ayw2, ayw3, ayw4, and ayr (5). It has been shown that
each of the known HBsAg subtypes may belong to either one
or several genotypes, but in such cases, the genotype involved,
rather than the subtype, is more likely to correlate with the
geographical origin of the strain (14).

Data regarding the prevalence of HBsAg subtypes among
carriers from South America are scarce (5, 8), and those con-
cerning the HBV genotypes in this area have been based on
results from only a few samples from Latin America (1, 4, 11,
12, 14, 16, 25). However these results do suggest that (i) the
adw4 subtype defines a unique genomic group (genotype F),
(ii) this HBV genotype is the prevalent infectious agent in the
original human populations of America, and (iii) it may rep-
resent the first split from the human hepadnaviral ancestor (11,
15, 16).

To provide further data regarding the genomic characteris-
tics and antigenic variability of the HBV strains from South
America, a study was carried out involving the identification of
HBV subtypes and genotypes in a large number of HBV
strains obtained from Amerindians and other populations
from Venezuela.

MATERIALS AND METHODS

The study comprised 141 serum samples from HBsAg carriers from the fol-
lowing populations: (i) Amerindians from Western Venezuela (Barı́ and Yukpa
[n 5 23], with prevalences for HBV infection of 11.1 and 7.1%, respectively [3]);
(ii) Amerindians from South Venezuela (Yanomamis from the Orinoco Basin
[n 5 12], a group from a region in which HBV infection is highly endemic; 7.4%
prevalence of HBsAg [26, 27]); (iii) hemodialysis patients from units with a high
prevalence of HBV and hepatitis C virus (HCV) infection in Caracas (n 5 24)
(19) and in Maracaibo (n 5 40); (iv) patients with chronic hepatitis from Ma-
racaibo (where HBsAg positivity was determined over a period of at least 6
months and histological evidence of chronic hepatitis was observed upon biopsy
[n 5 19]); (v) hemophiliacs from Maracaibo (n 5 12); (vi) blood donors from
Caracas (n 5 9), where HBsAg prevalence has been determined as 0.71% (18);
and (vii) pregnant women from Puerto La Cruz (0.4% prevalence of HBsAg) (7).

The HBsAg subtype was determined on the basis of the reactivity pattern by
enzyme immunoassay (EIA) with a panel of five monoclonal antibodies (3C3,
2D11, 3D9, 3A5, and 3E2) as described elsewhere (24). HBV genotypes were
determined with DNA fragments amplified by PCR with a reverse-phase hybrid-
ization assay with genotype-specific probes (line probe assay [LiPA]) (InnoLiPA
HBV; Innogenetics SA, Ghent, Belgium). HBV genotypes were determined in
the pre-S1 and HBsAg regions. The HBV LiPA genotyping technology (22) is
comparable to the test described for HCV genotyping (23). Primers used for the
amplification were HBPr 134 (outer sense, 59 TGCTGCTATGCCTCATCTTC
39), HBPr 135 [outer antisense, 59 CA(G/A)AGACAAAAGAAAATTGG 39],
HBPr 75 (nested sense, 59 Bio-CAAGGTATGTTGCCCGTTTGTCC 39), and
HBPr 94 [nested antisense, 59 Bio-GGTA(A/T)AAAGGGACTCA(A/C)GATG
39].

In 18 samples, a region of the HBsAg gene corresponding to amino acids 81
to 180 was amplified by PCR and sequenced. The HBV DNA in proteinase
K-treated serum was amplified with primers hep3 and hep33. The amplified
product was purified and used as a template in a sequencing reaction with hep3
as sequencing primer (13). In three other samples, the region of the gene
corresponding to the major external region of HBsAg was amplified between
codons 109 and 206 with primers HBPr 75 and HNPr 94. This PCR fragment was
purified to remove unincorporated nucleotides and primers and was further
analyzed with an ABI 373 sequencer by dideoxy chain terminator chemistry with
the same primers for sequencing. In all of these samples, the genotype for each
strain was assessed on the basis of sharing at least 12 of 13 amino acid substi-
tutions in this region known to be conserved within genotypes (see Table 3). The
HBsAg subtype was deduced from the amino acid substitutions at positions 122,
127, and 160 (13).
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Statistical differences were evaluated by the chi-square test with Yate’s cor-
rection and by Fisher’s exact test when a value was less than 5, according to a
computerized Epi Info program, version 5.01b (Centers for Disease Control and
Prevention, Atlanta, Ga.).

RESULTS

In order to assess the HBV genetic variability present in
Venezuela, the HBsAg subtype was analyzed for 141 HBV-
infected patients and the HBV genotyping was performed for
58 samples. From the 141 serum samples, 105 could be sub-
typed by monoclonal EIA (Table 1). The adw4 subtype was
highly prevalent in all of the population groups studied, except
for the hemodialysis patients from Caracas and chronic pa-

tients from Maracaibo, in whom a wide range of subtypes were
circulating, including both ayw3 and ayw4. Among Amerindi-
ans, adw4 accounted for 97% of the infections. The adw2
subtype was detected among patients with chronic hepatitis
and patients undergoing hemodialysis. Subtype ayw4 was sig-
nificantly associated with a single hemodialysis unit compared
to its prevalence in other population groups (P , 0.001).

Out of the 58 genotyped samples, a total of 47 were infected
with HBV genotype F strains, either alone or in a mixture with
other genotypes (6 samples). These mixed infections were only
found among hemodialysis patients. Genotypes A and D were
detected in 10 samples, and genotype B was detected in one
patient (Table 2). In 46 cases, both the HBsAg subtype and the

TABLE 1. HBsAg subtypes according to monoclonal typing among carriers from different population groups from Venezuela

Population group
No. (%) with HBsAg subtype:

ad adw2 adw4 adra ayw3 ayw4 Total

Amerindians
West 0 1 22 0 0 0 23
South 0 0 6 0 0 0 6

Caracas
Blood donors 0 0 8 0 0 0 8
Hemodialysis patients 1 2 9 0 1 5 18

Maracaibo
Chronic patients 4 7 2 1 0 0 14
Hemodialysis patients 3 1 30 0 0 0 34
Hemophiliacs 0 0 0 0 0 0 0

Puerto La Cruz
(pregnant women)

0 0 2 0 0 0 2

Total 8 (7.6) 11 (10) 79 (75) 1 (1) 1 (1) 5 (4.8) 105b (100)

a This strain was revealed upon sequencing to be subtype adw2 (Table 3).
b A total of 141 samples were subtyped. Only 105 of them had an HBsAg concentration high enough to be efficiently typed by monoclonal antibodies.

TABLE 2. HBV genotypes and HBsAg subtypes, assigned by rapid methods, among 58 HBV carriers from Venezuela

Population

No. with HBsAg subtype of HBV genotype:

A
B (adr) D (NA)

F Mixed with Fb

ad adw2 adw4 NAa adw2 adw4 ayw4 NA adw4 ayw3 NA

Amerindians
West 0 0 1c 1 0 0 0 7 0 0 0 0 0
South 0 0 0 0 0 2 0 5 0 1 0 0 0

Caracas
Blood donors 0 0 0 0 0 0 0 5 0 0 0 0 0
Hemodialysis patients 0 1 0 0 0 0 1c 8 5c 2 1 1 3

Maracaibo
Chronic patients 1 5 0 0 1c 0 0 0 0 0 0 0 0
Hemodialysis patients 0 0 0 0 0 0 0 3 0 0 1 0 0
Hemophiliacs 0 0 0 0 0 0 0 0 0 3 0 0 0

Puerto La Cruz
(pregnant women)

0 0 0 0 0 0 0 2 0 0 0 0 0

Total (n 5 59) 1 6 1c 1 1c 2 1c 29 5c 6 2 1 3

a NA, not assignable. A total of 12 genotyped samples could not be typed by monoclonal antibody subtyping because of insufficient HBsAg concentration.
b Mixed infections were observed as more than one band in the genotyping LiPA.
c Unexpected association of subtype and genotype.
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HBV genotype were available for comparison. In all samples
but eight (83%), the subtype determined by EIA was associ-
ated with the expected genotype determined by LiPA (Table
2).

A total of 19 samples were also studied by sequence analysis,
and the genotype and subtype were assigned as shown in Table
3. Genotype-subtype combination F/adw4 was confirmed in
six serum samples, and A/adw2 was confirmed in five others.
One unexpected genotype-subtype association (subject 755
[A/adw4], a West Amerindian) was found upon sequencing of
A/adw2. One unexpected subtype in this population group
(subject 22506 [B/adr], a chronic patient) was revealed upon
sequencing to belong to subtype adw2. A methionine at posi-
tion 143 for the isolate from subject 22506 and a valine at
position 159 for the isolate from subject 755 might be respon-
sible for the mistyping by monoclonal antibodies (Table 3).
Moreover, one adw2 sample and all five ayw4 samples showed
the unexpected HBV genotype F (Table 2). Sequence analysis
confirmed the HBsAg subtype and the genotype predicted in
all of these specimens. An additional specimen (hemodialysis
patient D5 [genotype F]), which could not be subtyped by EIA
because of insufficient HBsAg, was revealed upon sequencing
to belong to the same genotype-subtype group of F/ayw4.

DISCUSSION

In agreement with previous reports regarding the HBsAg
subtypes in South America (5–7), this study showed that the
adw4 subtype was highly prevalent among HBV carriers from
Venezuela, being almost unique among the Amerindians. As
expected, most of the adw4 strains were grouped into genotype
F, and this genotype was the most prevalent among the sam-
ples studied. These findings support prior conclusions regard-
ing the American origin of this genotype (1) and its correlation
with the adw4 subtype (11–13, 15). Most adw2 strains were
grouped in genotype A, and this is likely to reflect its North
American or European origin (14, 25). Infections with multiple
genotypes were detected in seven cases of infection, and these
mixed infections always involved genotype F. All of these cases
were found among hemodialysis patients, who are considered
high-risk patients for multiple infections by parenterally trans-
mitted viruses. Such mixed infections in high-risk patients have
previously been documented for HCV genotypes (9), particu-
larly in this group of patients (20). Slightly different results
between serotyping and genotyping were observed concerning
these mixed infections, but this discrepancy can be explained

by the higher sensitivity of the genotypic amplification proce-
dures (PCR amplification of few viral copies) compared to
that of the serotyping technology (requiring larger amounts
of HBsAg protein).

Besides the high correlation found between HBsAg subtypes
and HBV genotypes, eight samples from this study were clas-
sified into HBV genomic groups which were not predicted by
the subtyping (Table 2). Such discrepancies involved samples
from four of the subtypes found in the study, but especially
concerned samples from the ayw4 subtype that were all recog-
nized as genotype F. The confirmation of both subtype ayw4
and genotype F after sequencing of six strains and adw2 sub-
type and genotype F in one strain suggests that two previously
unrecognized geno-antigenic groups of HBV strain (subtypes
ayw4 and adw2, genotype F) exist in South America. These
new associations were only found among hemodialysis patients
from the same unit from Caracas, where nosocomial transmis-
sion of HBV could be playing a role in viral dissemination as it
seems to for HCV (19). Indeed, the distribution of HBV vari-
ants in hemodialysis patients from Caracas was significantly
different from that observed in other patient groups, suggesting
that nosocomial transmission might explain this cluster of
F/ayw4 in this setting. However, the presence of genotype
F/ayw4 cannot exclusively be attributed to an outbreak in a
hemodialysis unit from Caracas, because this new association
has recently been found in other Latin American countries (2).
In contrast, more European-like HBV strains were found cir-
culating among chronic patients from Maracaibo. This situa-
tion is probably due to the European immigration that has
always been significant in Venezuela. Interestingly, strains of
HBV from the old-world lineages were also observed in the
Amerindians tested (Tables 1 and 2), suggesting that these
strains had been introduced even in the more isolated commu-
nities from Venezuela.

Genotype F of HBV has been defined on the basis of se-
quences obtained from strains from France, Alaska, Colombia,
and Brazil (11–14, 16). Its full characterization is likely to
require the study of additional samples from other popula-
tions. On the other hand, the HBV strains from the ayw4
subtype have been previously classified into two different ge-
notypes, genotype E in Africa and a single genotype D strain
from the United States, MS-2 (14). The new genotype-subtype
associations found in this study corroborate the genetic diver-
sity of the ayw4 subtype and suggest an antigenic diversity
inside genotype F, which would now include adw2 and ayw4 in
addition to adw4. Table 4 summarizes the present knowledge

TABLE 3. Genotype- and subtype-specific amino acid substitutions between residues 81 and 180 of the primary structure of HBsAg

Genotype-subtype
combination

Genotype- or subtype-specific substitution at amino acid:

85 110 114 122a 126 127a 131 134 140 143 158 159 160a 161 168 178

A/adw2 F I T K T P N F T T F A K Y V P
B/adw2 C I S K T P T F T Tb F A K Y V P
C/adr F L S K I/S P T F T S F A R F V P
C/adw2 F L S K T P T F T S F A K F V P
D/ayw3 F I S R T T T Y T S F G K F A P
D/ayw2 F I S R T P T Y T S F G K F A P
E/ayw4 F I S R T L T F S S F G K F A P
F/adw2 F L T K T P T F S Sc L G K Y A Q
F/adw4 F L T K T L T F S Sc L Gd K Y A Q
F/ayw4 F L T R T L T F S S L G K Y A Q

a Subtype-specific substitutions.
b HBV strain in sample from chronic patient 22506 (B/adw2) had an M at position 143.
c HBV strains in samples from hemodialysis patients D29 and D36 (F/adw4) had an L at position 143.
d HBV strain in sample from Amerindian 755 (A/adw2) had a V at position 159.
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about the genotype-subtype associations of HBV, including the
novel data reported here.

Genotyping of HBV strains might also give an explanation
for some pathogenic aspects of HBV infection which are likely
to show peculiarities in some geographical areas (14). The
ability to be transmitted vertically, oncogenic potential, and
susceptibility to vaccine-induced immunity could be different
in some HBV genotypes, and these differences might explain
the predominance of mother-to-child transmission in the
spread of HBV in the Far East (21), the geographical varia-
tions in the incidence of the HBV-associated liver cancer, or
the failure of vaccine-induced immunity to prevent HBV in-
fection reported in Africa (6). More severe cases of HBV
coinfection with hepatitis delta virus have also been described
in South America, and a phenomenon of coevolution of HBV
genotype F with hepatitis delta virus genotype III has been
suggested and might be responsible for this severe form of
disease (4). Therefore, the high predominance of genotype F
strains found in this study warrants future investigations of
these aspects of HBV infection in South America.
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16. Norder, H., A.-M. Couroucé, and L. O. Magnius. 1994. Complete genomes,
phylogenetic relatedness and structural proteins of six strains of the hepatitis
B virus, four of which represent two new genotypes. Virology 198:489–503.

17. Okamoto, H., F. Tsuda, H. Sakugawa, R. I. Sastrosoewignjo, M. Imai, Y.
Miyakawa, and M. Mayumi. 1988. Typing hepatitis B virus by homology in
nucleotide sequence of surface antigen subtypes. J. Gen. Virol. 69:2575–
2583.

18. Ponce, J. G., L. F. Cadenas, F. Garcı́a, G. León, L. Blitz-Dorfman, F.
Monsalve, and F. H. Pujol. 1994. High prevalence of serological markers for
hepatitis B and C in indigent patients from Caracas, Venezuela. Invest. Clin.
35:123–129.

19. Pujol, F. H., J. G. Ponce, M. G. Lema, F. Capriles, M. Devesa, F. Sirit, M.
Salazar, G. Vásquez, F. Monsalve, and L. Blitz-Dorfman. 1996. High inci-
dence of hepatitis C virus infection in hemodialysis patients in units with high
prevalence. J. Clin. Microbiol. 34:1633–1636.

20. Pujol, F. H., C. L. Loureiro, M. Devesa, L. Blitz, K. Parra, S. Beker, and F.
Liprandi. 1997. Determination of genotypes of hepatitis C virus in Venezu-
ela by restriction fragment length polymorphism. J. Clin. Microbiol. 35:1870–
1872.

21. Stevens, C. E., R. A. Neurath, R. P. Beasly, and W. Szmuness. 1979. HBeAg
and anti-Hbe detection by radioimmunoassay. Correlation with vertical
transmission of hepatitis B virus in Taiwan. J. Med. Virol. 3:237–241.

22. Stuyver, L., R. Rossau, and G. Maertens. 1995. Line probe assays for the
detection of hepatitis B and C virus genotypes. Antivir. Ther. 1(Suppl.
3):53–57.

23. Stuyver, L., A. Wyseur, W. van Arnhem, F. Hernandez, and G. Maertens.
1996. Second-generation line probe assay for hepatitis C virus genotyping.
J. Clin. Microbiol. 34:2259–2266.

24. Swenson, P. D., J. T. Riess, and L. E. Krueger. 1991. Determination of
HBsAg subtypes in different high risk populations using monoclonal anti-
bodies. J. Virol. Methods 33:27–38.

25. Telenta, P. F., G. P. Poggio, J. L. Lopez, J. Gonzalez, A. Lemberg, and R. H.
Campos. 1997. Increased prevalence of genotype F hepatitis B virus isolates
in Buenos Aires, Argentina. J. Clin. Microbiol. 35:1873–1875.

26. Torres, J., and A. Mondolfi. 1991. Protracted outbreak of severe delta hep-
atitis: experience in an isolated Amerindian population of the upper Orinoco
basin. Rev. Infect. Dis. 13:52–55.

27. Torres, J. 1996. Hepatitis B and hepatitis delta virus infections in South
America. Gut 38:S48–S55.

TABLE 4. Distribution of HBV genotypes and HBsAg subtypes
across the world

HBV genotype HBsAg Geographical distributiona

A adw2 Europe, North America, Africa
ayw1 Africa

B adw2 Far East
ayw1 Far East

C adrq2 Pacific
adr/ayr Far East
adw Japan, Indonesia
adr Far East, Pacific

D ayw4 United Statesb

ayw2/ayw3 Worldwide

E ayw4 Africa

F adw2 South Americac

adw4 Polynesia, Alaska, Central and
South America

ayw4 South Americac

a See reference 10.
b Strain MS-2.
c Association shown in this work.
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